It is well-known that both endogenous (such as in Cushing's syndrome) and exogenous (such as treatments with glucocorticoids, e.g., in inflammatory disorders) excessive glucocorticoid exposure can have detrimental effects on bones with decreased bone mineral density (BMD) and ultimately osteoporosis related fractures. However, the effects on bone health with replacement doses are more unclear.
Glucocorticoids affect the bone health in multiple ways [1] . Glucocorticoids lead to osteopenia and osteoporosis by suppressing bone formation via inhibiting osteoblast differentiation and function in addition to inhibiting intestinal vitamin D dependent calcium absorption. Moreover, glucocorticoids may also have indirect effects on bone health through derangements in neuroendocrine signals such as on growth hormone and insulin-like growth factor 1 (IGF-1) [1] [2] [3] . In fact both cortisol insufficiency and excess may impair growth hormone secretion [1] . However, endogenous glucocorticoids at physiological concentrations are needed for mesenchymal cell differentiation and normal bone development.
Studies on BMD in Addison's disease (AD) and congenital adrenal hyperplasia (CAH) are conflicting even though the majority of them seem to show decreased BMD [1, 4, 5] . So far the number of studies on fractures in patients on glucocorticoid and mineralocorticoid replacement therapy has been very limited [2, 3, [6] [7] [8] . An article published in this issue of Endocrine by Camozzi et al adds some important data on glucocorticoid and mineralocorticoid replacement on bone health [9] . They report on 87 patients with AD (median age 44 years, postmenopausal n = 25, menopause before age 40 n = 7) and compared them with 81 age-and sex-matched controls. Bone metabolism markers and dual-energy X-ray absorptiometry (DXA) were measured. Moreover, in those with a clear vertebral image on the DXA (61 patients with AD and 47 healthy controls) morphometric investigations to identify vertebral fractures were performed and assessed using Genant's classification. In patients with AD 31% (n = 19, five patients had multiple vertebral fractures) had at least one morphometric vertebral fracture compared to 13% (n = 6, none had multiple vertebral fractures) in controls, equivalent to an odds ratio of 3.1 (95% confidence interval 1.1-8.5). Unfortunately they did not report if any of these were symptomatic or if any other fractures were present in the patients' medical histories. Surprisingly Camozzi et al. found no significant difference in BMD between patients and controls [9] . However, the absolute numbers in g/cm 2 , T-scores and Z-scores in both lumbar spine and femoral neck were lower in individuals with AD indicating that if more patients and controls had been included a significant difference may have appeared. Furthermore, crush fractures will falsely increase BMD and it is unclear if this was accounted for. Thus, in reality the median BMD in lumbar spine may have been more decreased in those with vertebral fractures than reported and the BMD difference between the groups may have been significant. It is, however, previously known that using BMD as a predictor of future fractures in individuals exposed to glucocorticoid excess is unreliable [1] , with BMD underestimating the fracture risk.
Camozzi et al. also attempted to evaluate the glucocorticoid replacement by measuring 24 h urinary cortisol secretion which was non-significantly elevated in patients and significantly positively correlated with urine calcium excretion [9] . Unfortunately, we as treating physicians have a tendency to give supraphysiological glucocorticoid doses to minimize the risk of adrenal crisis in AD and CAH, but also to suppress adrenal androgens in the latter [4, 10, 11] . However, from a 2-year prospective study it was recently reported that a reduction of the glucocorticoid doses in AD and CAH led to improved BMD without increased risk of adrenal crisis while dose increments decreased BMD [12] . Also the formulations of oral glucocorticoids normally used cannot imitate the physiological circadian rhythm of cortisol secretion [5] . This can result in several high plasma cortisol peaks saturating the cortisol-biding globulin leading to high free cortisol concentrations at the tissue level. Lately modified release hydrocortisone preparations have been introduced better mimicking the diurnal rhythm [1] , but if these have better effects on BMD and fracture risk have to be evaluated, preferably in randomized controlled trials.
Another interesting finding in the study by Camozzi et al. was that mineralocorticoid replacement was associated with better BMD [9] . It has been shown that the mineralocorticoid receptors are expressed in osteoblasts and osteoclasts although their functions are unclear. Moreover, mineralocorticoids have been used to minimize the glucocorticoid doses required in CAH [5] , also occasional in nonclassic CAH [13] . In fact individuals with CAH with less mineralocorticoid deficiency seem to have less fractures than those with the more severe forms of CAH [13] . Furthermore, BMD has been shown to positively correlate with fludrocortisone dose [3] .
On the other hand, individuals with non-classic CAH are diagnosed later than those with classic forms and thus may have had more androgen exposure. This probably also have a positive effect on BMD. In contrast, in AD adrenal androgens are always low which may negatively affect bone health. Women with AD treated with the adrenal androgen dehydroepiandorsterone (DHEA) had better BMD and also less spontaneous vertebral fractures, even though the latter did not reach significance [8] . Yet, in a study of adult women with CAH there were no significant correlations between BMD and serum androgens concentrations, however, 44% had testosterone concentrations below detection limit [2] .
Until we have more and larger studies, preferably randomized controlled trials, in this complex area a pragmatic view could be that all adult patients on low-dose glucocorticoid replacement therapy should have BMD monitored regularly, e.g., every 2-5 years, and previous fractures and type should be noted together with how they had occurred [5] . With the study by Camozzi et al. [9] assessing vertebral fractures using morphometric analysis of the vertebral images on the DXA could be added to these recommendations. Osteopenia, osteoporosis and low-trauma fractures should be handled as generally recommended but optimizing the glucocorticoid (and may be also formulation) and mineralocorticoid doses are important. Most likely more could be done to keep the androgen and estrogen concentrations within the reference range for the age and sex. However, these recommendations are not yet in any formal international guidelines.
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